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Therapeutic response 
to leflunomide in combo therapy 
and monotherapy is associated 
to serum teriflunomide (A77 1726) 
levels
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6, N. Alejandra Rodriguez‑Jimenez  5, Sylvia E. Totsuka‑Sutto  5, Rocio I. Lopez‑Roa 
1, Juan M. Ponce‑Guarneros  5,7, M. Fabiola Alcaraz‑Lopez  8, Sergio Cerpa‑Cruz  9, 
J. Francisco Muñoz‑Valle  3, E. German Cardona‑Muñoz  5, Laura Gonzalez‑Lopez  2,5,10*, 
Jorge I. Gamez‑Nava  2,5,10* & Research Group for Factors Related to Therapeutic Outcomes 
in Autoimmune Diseases*

There is a significant rate of therapeutic failure in rheumatoid arthritis (RA) patients treated with 
leflunomide (LEF). This study investigates the utility values of teriflunomide levels (A77 1726) in 
identifying RA patients who remained with moderate or severe disease activity after the treatment 
with LEF. In this cross-sectional study, we compared: (a) RA patients who achieved a DAS28-ESR ≤ 3.2, 
and (b) RA patients who maintained a DAS28-ESR > 3.2 after treatment. ROC curves determined the 
cut-off of A77 1726 with the better performance to identify patients achieving a DAS28-ESR ≤ 3.2. Of 
the 115 patients treated with LEF, 69 (60%) remained with moderate/severe disease activity and 46 
(40%) achieved low disease activity/remission. Higher A77 1726 levels showed a negative correlation 
with DAS28-ESR (r = − 0.42, p < 0.001) and other parameters of disease activity. We obtained the 
following utility values with the cut-off of A77 1726 > 10 µg/mL to identify RA patients who achieved 
a DAS28-ESR ≤ 3.2: sensitivity of 91.31%; specificity of 73.91%; positive predictive value of 70.00%; 
and negative predictive value of 92.73%. Serum A77 1726 discriminated between RA patients who 
remained with moderate/severe disease activity despite the treatment with LEF both as monotherapy 
and LEF as combo therapy.
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Rheumatoid arthritis (RA) is an autoimmune systemic disease characterized by chronic synovitis involving 
synovial joints that lead to joint destruction, functionality loss, and health-related quality-of-life impairment1,2. 
In Mexico, approximately 1.6% of the adult population is diagnosed with RA3. Clinical practice guidelines for 
the treatment of RA suggest the adoption of a conventional synthetic disease-modifying antirheumatic drug 
(csDMARD) as the first-line treatment4–6. Methotrexate (MTX) is the most frequently prescribed csDMARD 
as the first-line treatment for RA patients, although inefficacy, side effects or non-acceptance and withdrawal of 
this csDMARD can be usually observed7. Thus, other csDMARDs can be prescribed as either monotherapy or 
combo therapy. Leflunomide (LEF) is considered an alternative to MTX, and is for recommended for RA patients 
who fail to achieve an adequate response to MTX or when this drug is contraindicated8,9. LEF is also considered 
to increase efficacy as combo with other csDMARDs4–6.

Nevertheless, a high proportion of RA patients have a therapeutic failure to LEF. Strand et al. have reported 
that approximately 52% of RA patients present an inadequate response to LEF10; however, some factors related 
to the failure of LEF in RA are currently not well known. LEF administered orally at a standard dosage of 20 mg/
day is metabolized by the cytochrome P450 2C19 enzyme (CYP2C19), which creates teriflunomide (A77 1726), 
an active metabolite of LEF11. Therefore, LEF is a prodrug that is rapidly converted to its active metabolite A77 
1726/teriflunomide which has anti-rheumatic and immunomodulatory effects12. To date, there are a limited 
number of studies that assess the relationship between A77 1726 concentrations and therapeutic response to 
LEF administered as monotherapy in RA patients13,14; however, there are no studies that assess the value of 
teriflunomide levels in identifying those patients who achieved a DAS28-ESR ≤ 3.2 when treated with LEF as 
combo csDMARD therapy in RA patients. Some published studies performed in RA patients treated with LEF 
as monotherapy have described a relation between high A77 1726 concentrations and a decrease in the num-
ber of swollen joints13; or other therapeutic responses14. However, to our knowledge, no studies have assessed 
the significance of A77 1726 levels as a biomarker of therapeutic response in RA patients using LEF as combo 
therapy with other csDMARDs. Moreover, we have no information on the comparison of utility values (including 
sensitivity, specificity, and predictive values) of serum levels of A77 1726 between the monotherapy and combo 
therapy csDMARDs strategies. This information is required to identify whether the measurement of these levels 
can be useful in the clinical context to predict the therapeutic response in both strategies.

Therefore, the present study aimed to investigate the utility values of teriflunomide (A77 1726) levels in 
identifying rheumatoid arthritis (RA) patients who remained with moderate or severe disease activity after 
treatment with leflunomide (LEF), either as monotherapy or in combination with other disease-modifying 
antirheumatic drugs.

Results
Table 1 presents a description of the clinical characteristics of 115 patients with RA that were included in this 
study. These patients had a mean age of 60 years, mean disease duration of 16 years, and a mean DAS28-ESR of 
4.3. Of the 115 patients, 69 (60%) had moderate/severe disease activity after treatment, 46 (40%) had low disease 
activity/remission, and 47% of these patients were in LEF monotherapy.

Table 1.   Clinical characteristics of RA patients included in the study. Quantitative variables were expressed 
as the means and standard deviations and qualitative variables, as frequencies and percentages (%). RA 
rheumatoid arthritis, DAS28-ESR disease activity score using erythrocyte sedimentation rate, ESR erythrocyte 
sedimentation rate, Pt patient, NSAID’s non-steroidal anti-inflammatory drugs.

Variable n = 115

Age (years) 60 ± 11

RA disease duration (years) 16 ± 11

Clinical characteristics

Swollen joints, mean ± SD 3.1 ± 3.4

Response according DAS28-ESR achieved with leflunomide

Pt. who remained with a DAS28-ESR > 3.2 after treatment, n (%) 69 (60)

Pt. who achieved a DAS28-ESR ≤ 3.2), n (%) 46 (40)

Treatment

Leflunomide, n (%) 115 (100)

Leflunomide monotherapy n (%) 54 (47.0)

Leflunomide combined with other DMARDs n (%) 61 (53.0)

NSAID’s user, n (%) 107 (93.0)

Corticosteroid users, n (%) 85 (73.0)

Laboratory variables

C-reactive protein, (mg/L), mean ± SD 18 ± 23

Erythrocyte sedimentation rate, (mm/h), Mean ± SD 28 ± 12

Teriflunomide (A77 1726) levels, µg/mL 21.03 ± 28.62
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Figure 1 shows the ROC curve for the DAS28-ESR response to serum levels of A77 1726. The area under the 
curve was 0.83 (95% confidence interval [CI], 0.76 to 0.91). We identified the best cut-off to classify RA patients 
as: (a) those who achieved low-disease activity or remission (DAS28-ESR ≤ 3.2); and (b) those who remained 
with moderate or severe disease activity despite the treatment (DAS28-ESR > 3.2) when treated with LEF at a 
serum concentration > 10.0 µg/mL A77 1726. This cut-off had a sensitivity of 91.1% and specificity of 72.5% to 
distinguish between RA patients who achieved low-disease activity or remission (DAS28-ESR ≤ 3.2) and those 
who remained with moderate or severe disease activity despite the treatment (DAS28-ESR > 3.2).

Table 2 shows the results of the correlation analysis between serum levels of A77 1726 and clinical variables. 
High serum levels of A77 1726 were correlated with low DAS28-ESR (p < 0.001). Correlations between serum 
levels of A77 1726 with age (p = 0.139) or disease duration (p = 0.099) were not detected.

Serum levels of A77 1726 varied greatly among RA patients who achieved low-disease activity or 
remission (DAS28-ESR ≤ 3.2), compared with those who remained with moderate or severe disease 

Figure 1.   Receiver operating characteristic (ROC) curve for RA patients achieving low-disease activity 
or remission with LEF (DAS28-ESR ≤ 3.2) versus A77 1726 concentrations (n = 115). Low-disease activity 
or remission was defined if the patients achieved a DAS28-ESR ≤ 3.2 (low-disease activity or remission). 
Area under the curve = 0.83 (95% Confidence Interval; 0.76 to 0.91). Cut-off of A77 1726 concentrations 
was > 10.0 µg/mL, sensitivity, 91.31%; specificity, 73.91%.

Table 2.   Correlations between serum A77 1726 levels and clinical and laboratory variables. Correlations 
were obtained using Pearson correlation tests (r value). Abbreviations: Pt patient, VAS visual analogue scale, 
DAS28-CRP disease activity score using C-reactive protein, DAS28-ESR disease activity score using erythrocyte 
sedimentation rate.

Variable
n = 115

Serum levels of 
A77 1726

r p

Age (years) 0.139 0.139

Disease duration (years) 0.155 0.099

Number of swollen joints (28 joints) − 0.396 < 0.001

Number of tender joints (28 joints) − 0.381 < 0.001

Pt. perception of morning stiffness (VAS 0–100 mm) − 0.256 0.006

Pt. perception of pain (VAS 0–100 mm) − 0.224 0.016

Pt. perception of severity of disease (VAS 0–100 mm) − 0.460 < 0.001

DAS28-CRP − 0.420 < 0.001

DAS28-ESR − 0.421 < 0.001

C-reactive protein (mg/L) − 0.232 0.013

Erythrocyte sedimentation rate (mm/h) − 0.173 0.064
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activity (DAS28-ESR > 3.2) despite the treatment with LEF; 25.21 [range: 1.24–119.36 µg/mL] versus 3.11 [range: 
1.24–150.44]), respectively; p < 0.001) (Fig. 2).

In Table 3, using the cut-off point for A77 1726 > 10 µg/mL obtained from the ROC curve, we compared clini-
cal and laboratory variables between RA patients with serum levels of A77 1726 ≤ 10.0 µg/mL and RA patients 
with serum levels of A77 1726 > 10.0 µg/mL. The results revealed that RA patients with A77 1726 > 10 µg/mL 
were older (p = 0.048), had fewer swollen and tender joints (p < 0.001), had less morning stiffness, pain, and per-
ception of disease severity (p < 0.001), and had lower ESR and CRP (p = 0.036 and p < 0.001, respectively). These 
patients with serum levels of A77 1726 > 10.0 µg/mL presented lower disease activity, as measured by DAS2–-ESR 
(p < 0.001) and DAS28-CRP (p < 0.001).

RA patients achieving low-disease activity or remission with LEF (DAS28-ESR ≤ 3.2) had higher serum levels 
of A77 1726 compared with those that remained with moderate/severe disease activity after treatment with LEF 
(34.50 ± 27.60 µg/mL and 14.10 ± 26.82 µg/mL respectively; p < 0.001). On the other hand, there was no differ-
ence between RA patients who achieved low-disease activity or remission (DAS28-ESR ≤ 3.2) and between age, 
BMI, RA disease duration, and corticosteroid dosage (data not depicted in a table).

Figure 2.   Box and whisker plots for A77 1726 serum concentrations in both groups, DAS28-ESR ≤ 3.2 and 
DAS28 > 3.2. Circles indicate outlying values.

Table 3.   Comparison of characteristics between RA patients with serum A17 7726 concentrations ≤ 10 µg/
mL versus RA patients with serum A17 7726 concentrations > 10 µg/mL. Comparisons of proportions between 
groups were computed using chi-square tests or Fisher’s exact test. Corticosteroid doses in equivalence of 
prednisone, ESR erythrocyte sedimentation rate, CRP C-reactive protein, VAS visual analogue scale, Pt patient, 
DAS28 disease activity score.

Variable
n = 115

A77 1726

p ≤ 10 (µg/mL)  > 10 (µg/mL)

Age (years) 57.5 ± 9.5 61.5 ± 12.0 0.048

Body mass index (kg/m2) 27.8 ± 3.7 27.3 ± 5.1 0.575

Disease duration (years) 14.3 ± 8.8 17.1 ± 12.9 0.173

Swollen joints (28 joints) 5.4 ± 3.3 0.9 ± 1.5 < 0.001

Tender joints (28 joints) 6.5 ± 4.0 1.5 ± 1.7 < 0.001

Pt. perception of morning stiffness (VAS 0–100 mm) 54.0 ± 25.7 31.6 ± 21.6 < 0.001

Pt. perception of pain (VAS 0–100 mm) 52.4 ± 29.1 32.6 ± 22.8 < 0.001

Pt. perception of severity of disease (VAS 0–100 mm) 71.4 ± 18.6 30.7 ± 23.9 < 0.001

Erythrocyte sedimentation rate (mm/h) 31.7 ± 9.7 27.6 ± 10.9 0.036

C-reactive protein (mg/L) 23.1 ± 17.7 12.4 ± 11.6 < 0.001

DAS28-CRP 5.0 ± 1.3 2.9 ± 1.0 < 0.001

DAS28-ESR 5.3 ± 1.1 3.3 ± 1.1 < 0.001

Corticosteroids doses (mg/day) 5.4 ± 5.3 4.1 ± 2.8 0.132
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A subgroup analysis including RA patients treated with LEF as monotherapy (n = 54) demonstrates that RA 
patients with serum levels of A77 1726 > 10 µg/mL (n = 27) had lower DAS28-ESR compared with those with 
serum levels of A77 1726 ≤ 10.0 µg/mL (n = 27) (3.0 ± 0.8 and 5.3 ± 1.1, respectively; p < 0.001). In the second 
subgroup analysis, we included RA patients treated with LEF as combo therapy with other DMARDs (n = 61). In 
this subgroup treated with LEF as combo therapy, RA patients with serum levels of A77 1726 > 10 µg/mL (n = 33) 
had lower DAS28-ESR compared with those with serum levels of A77 1726 ≤ 10.0 µg/mL (n = 28) (3.6 ± 1.2 and 
5.3 ± 1.1, respectively; p < 0.001) (data not depicted in a table). These findings indicate that serum levels of A77 
1726 constitute a good marker of therapeutic response, independently of whether LEF was prescribed as mono-
therapy or if it was prescribed in combination with other DMARDs.

The utility values in RA patients treated with LEF (serum levels of A77 1726 > 10 µg/mL to determine the 
probability of an adequate therapeutic response [DAS28-ESR ≤ 3.2]), are shown in Table 3. A high sensitivity 
(91.31%) was observed in RA patients treated with LEF used as monotherapy or in combination with other 
DMARDs. The specificity was moderate to high; and typically higher for those treated with LEF as monotherapy 
(80.64%). Moreover, the positive predictive value was clinically relevant for all patients treated with LEF (70.00%), 
both as monotherapy (77.78%), and combined with other DMARDs (63.64%). Nonetheless, a negative predictive 
value indicated that, if RA patients treated with LEF did not achieve serum levels of A77 1726 > 10 µg/mL, the 
probability of a lack of response to the medication was ~ 92%, independently of whether they were treated with 
LEF as monotherapy (92.59%) or with as combined therapy with other DMARDs (92.86%).

A77 1726 > 10 µg/mL was a protective factor against the permanence of a DAS28-ESR > 3.2 (OR: 0.034, 95% 
CI: 0.011 to 0.11, p < 0.001). To investigate the strength of the association between the different levels of A77 1726 
and the risk of a lack of therapeutic response to LEF (DAS28-ESR > 3.2), we classified the following ranges of A77 
1726 levels: (a) 1–4 µg/mL (n = 46), (b) 4.1–10 µg/mL (n = 9), (c) 10.1–30 µg/mL (n = 37), and (d) ≥ 30.1 µg/mL 
(n = 23). For this analysis we identified an increased risk of therapeutic failure when the lowest range of A77 1726 
levels was compared to each interval of A77 1726 levels. When the lowest range (1–4 µg/mL) was compared to the 
4.1–10 µg/mL range the risk of therapeutic failure was not different (OR = 1.3, 95% CI = 0.12–13.33, p = 0.8), but 
when the lowest range was compared to the 10.1–30 µg/mL range the risk of therapeutic failure in RA patients 
increased significantly in those with the lowest levels (OR = 7.2, 95% CI = 2.1–24.2, p < 0.001); finally, when the 
lowest range of A77 1726 levels was compared to > 30.1 µg/mL range the risk of therapeutic failure again saw a 
significant increase in RA patients with the lowest levels (OR = 16.3, 95% CI = 4.3–67.4, p < 0.001). In the com-
parison of the proportions of RA patients with lack of therapeutic response between the ranges of A77 1726 levels 
from 10.1 to 30 µg/mL to ≥ 30.1 µg/mL, no significant differences were observed (OR = 2.3, 95% CI = 0.8–6.6, 
p = 0.13), meaning that A77 1726 levels > 10 µg/mL are a good indicator of the therapeutic response to LEF.

Discussion
This study demonstrates that high concentrations of A77 1726 have a relevant positive predictive value to RA 
patients who achieved low disease activity or remission (DAS28-ESR ≤ 3.2) when treated with LEF independently 
if LEF was used as monotherapy or as combo therapy with other DMARDs. We identified that higher concen-
trations of A77 1726 were correlated with a decrease in DAS28-ESR, as well as with a decrease in most param-
eters of disease activity. We identified that serum levels of A77 1726 > 10 µg/mL were a marker of RA patients 
who achieved low disease activity or remission with LEF (DAS28-ESR ≤ 3.2), with a sensitivity of 91.31% and 
specificity of 73.91%. However, in the present study, this cut-off was obtained using ROC curves. Although it is 
important to consider that the present study is cross-sectional, our findings do not reflect causality and should 
be considered as statistically demonstrated associations; therefore, further prospective longitudinal studies are 
mandatory to support our findings.

Moreover, we identified that higher serum levels of A77 1726 were correlated with a decrease in the number 
of swollen joints. These findings are supported by Chan et al., who observed a similar association between serum 
levels of A77 1726 and the number of swollen joints13, although, Chan et al. did not evaluate disease activity with 
DAS28-CRP or DAS28-ESR. In a cross-sectional study, van Roon identified that all RA patients who had serum 
levels of A77 1726 ≥ 16 mg/L achieved a good therapeutic response to LEF treatment14. Nevertheless, these studies 
only included patients with LEF treatment as monotherapy. In contrast, we included two subgroups: patients with 
LEF treatment as monotherapy and those with LEF treatment as combo therapy with other DMARDs. Therefore, 
we were able to demonstrate that high serum levels of A77 1726 were associated with the therapeutic response 
to LEF treatment, not only in monotherapy but also in patients treated with LEF as combo therapy. Wiese et al. 
also identified a relationship in 67 RA patients, between plasma A77 1726 levels and lower DAS2815. Similar 
to our study, Wiese et al. included two subgroups: (a) patients with a lack of response to LEF treatment with 
a combined therapy of methotrexate, sulfasalazine, and chloroquine; and (b) LEF treatment as monotherapy. 
However, these authors did not report the findings of these subgroups separately, which make interpretation 
of their results difficult. These researchers also identified an association between an increase in LEF doses and 
higher serum levels of A77 172615.

In the present study, serum levels of A77 17226 > 10 µg/mL were associated with an increase in the therapeutic 
response to LEF, independent of whether LEF was used as monotherapy or as an additional antirheumatic drug in 
combo with other DMARDs in patients who did not achieve a good clinical response. In RA patients, A77 1726 
exerts its action through the regulation of the immune response by modulating lymphocyte proliferation. A77 
1726 inhibits the enzyme dihydroorotate dehydrogenase (DHODH), a key enzyme in the uridine monophosphate 
(rUMP) pathway16,17. Activated lymphocytes require approximately eightfold increased levels of rUMP to change 
from the G1 to the S phase of the cell cycle18. Inhibition of DHODH by A77 1726 arrests lymphocytes in the G1 
phase of the cell cycle, thus decreasing lymphocyte proliferation and their proinflammatory immune response19.
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As LEF is a pro-drug, one of the most relevant aspects in developing its relationship with clinical response is 
the quantity of the active metabolite, A77 1726, needed to exert its effects on joint inflammation.

In RA patients consuming LEF, there is interindividual variability in LEF absorption, distribution, and metab-
olism. This variation produces a large variability in serum levels of A77 1726 in a rheumatoid population, as 
described by van Roon et al. (3–150 mg/L)14, Grabar et al. (1.9–156.9 mg/L)20 and Chan et al. (11.8–101.5 mg/L)13. 
The large interindividual variability of serum levels of A77 1726 is, among others factors, a criterion to be con-
sidered for clinical pharmacokinetic monitoring21 as a tool for guiding therapy.

Furthermore, we observed in our RA patients that a cut-off of A77 1726 levels > 10 µg/mL was associated with 
a high sensitivity (91.31%) and moderate specificity (73.91%), to identify between RA patients with an adequate 
therapeutic response. van Roon et al.14 identified that at a serum level of 18 mg/L A77 1726, the patients presented 
a sensitivity of 90.9% for adequate therapeutic response, and at 16 mg/L A77 1726, the sensitivity was 100%. These 
findings support the sensitivity of 91% observed in our study, even though van Roon et al. did not investigate 
the differences between patients with LEF treatment as monotherapy and as combo therapy. Additionally, we 
observed that RA patients treated with LEF who had serum levels of A77 1726 > 10 µg/mL had a probability of 
70% of achieving an adequate therapeutic response according to the positive predictive value; this probability 
was reduced to 63% in the subgroup of RA patients using LEF as combo therapy with other DMARDs. van Roon 
et al. observed a lower positive predictive value of 56% for serum levels of A77 1726 > 16 mg/L for obtaining 
an adequate therapeutic response with LEF treatment14. These findings support our observations regarding the 
clinical utility of measuring serum levels of A77 1726 in RA patients receiving treatment with LEF. Finally, we 
identified that RA patients treated with LEF with serum levels of A77 1726 ≤ 10 µg/mL had an approximately 
92% probability of a lack of therapeutic response to treatment. This information can be relevant in expanding 
the clinical armamentarium used in clinical decision-making, as well as to generate future research questions 
related to the causes of low serum levels of A77 1726.

Additionally, we demonstrated the strength of association between the risk of therapeutic failure to LEF and 
low serum teriflunomide levels by comparing different ranges of A77 1726 levels. In this analysis, we identified 
the progression in the risk of therapeutic failure to LEF with the lowest ranges of A77 1726 levels when that 
range was compared to the strata of higher A77 1726 levels. This statistical analysis was not performed by any 
of the previous studies and constitutes a contribution of the present study by demonstrating the strength of the 
association between the different A77 1726 levels and the therapeutic response.

Our study has several limitations to be discussed. First, cross-sectional studies are unable to demonstrate 
causal relationships and their objectives are limited to identifying statistical associations that generate new ques-
tions and hypotheses that require demonstration in further longitudinal designs. In the same sense, the associa-
tions observed between nonresponse to leflunomide and the low teriflunomide levels identified in our study 
cannot be interpreted as demonstration of causality. However, this cross-sectional design is a relevant approach 
for evaluating the role of high teriflunomide levels as a diagnostic test in RA patients with treatment failure to 
leflunomide. The results of the utility values of high teriflunomide levels based on the cut-off of A77 1726 > 10 µg/
mL require further validation by new similar studies in other populations. Second, another limitation of our 
study is that we did not assess the role of CYP2C19 variant statuses in RA patients in its results. CYP2C19 variant 
statuses can influence A77 1726 levels and subsequently the therapeutic response in RA patients22. Therefore, 
further studies should include an assessment of CYP2C19 variants and teriflunomide levels in the same study. An 
important issue to be considered in the discussion of the findings of this study is that there is evidence regarding 
the influence of inflammation in downregulating the activity of CYPC219, through the induction of epigenetic 
modifications of drug metabolism enzymes and transporter (DMET) genes, which lead to a decrease in the 
level of DNA methylation and a reduced expression and low function of CYP2C1923. Inflammation is associated 
with the expression and upregulation of miRNAs that decrease DMET expression, block gene transcription and 
downregulate CYP2C1924,25. Therefore, an explanation of the low levels of teriflunomide in the nonresponders 
patients observed in our study can be attributed to the chronic inflammation mediated effects on the phenotypic 
changes of the drug metabolizing enzyme CYP2C19, which recategorizes these patients from being extensive 
metabolizers to poor metabolizers26. In this context, the correlations observed in our study between low teriflu-
nomide levels and high DAS28-ESR, and DAS28-CRP and CRP levels could be explained by the effects of chronic 
inflammation decreasing the function of CYP2C19. This hypothesis must be corroborated by new studies that 
simultaneously assess teriflunomide levels and the activity of the CYPC2C19 enzyme.

Finally, one of the main criticisms of cross-sectional designs is that they cannot demonstrate temporal rela-
tionships between exposure and events. This critique also applies to the present study; therefore, although this 
cross-sectional study is not able to demonstrate that the serum teriflunomide concentrations observed in our 
patients were prior to the therapeutic response, the hypothesis that these A77 1726 levels can be a relevant factor 
in obtaining an adequate response can be supported by other relevant criteria, as described by Bradford Hill27. 
First, we demonstrated the strength of the association between A77 1726 levels and the DAS28-ESR results, 
which identifies a statistical correlation between these variables. Second, the following criteria supporting the 
hypothesis of A44 1726 levels as a factor of therapeutic response are consistent with the findings of other studies. 
We have previously discussed the evidence of the studies performed by Chan et al., van Roon et al. and Wiese 
et al.13–15 which support a cut-off of A77 1726 levels in identifying RA patients with a therapeutic response to 
LEF. Third, we also demonstrated a biological gradient between lower A77 1726 levels and the increasing risk of 
a lack of therapeutic response. Fourth, there is also a substantive evidence of biological plausibility to consider 
that A77 1726 levels are factors in the therapeutic response and not a mere consequence of the inflammation. 
This evidence is derived from experimental studies and clinical trials; Thoss et al. using a rat antigen-induced 
arthritis model demonstrated an increase on the response of the knee inflammation after the administration of 
incremental doses of LEF28; whereas, Cherwinski et al. demonstrated differences in the half-maximal inhibitory 
concentration (IC50) for the proliferation of mitogen-stimulated lymphocytes of rats, mice and humans; which 
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is dependent on the A77 1726 concentration29. In the same sense, early randomized controlled clinical trials 
using LEF have identified dose response as one of the factors implied in the benefits obtained with this drug by 
RA patients30. Another criterion that supports our results is their coherence with the findings observed by other 
investigators. Weber et al. calculated the mean serum A77 1726 levels and the proportions of patients achieving 
a steady state and obtained a concentration of 13 mg/L (µg/mL) as cut-off for that they denominated as an “opti-
mal clinical success”14,31. In a recent experimental study, Wostradowski, et al. demonstrated that teriflunomide 
significantly downregulated the surface expression of the costimulatory molecule CD86 in a concentration- and 
time-dependent manner in rat microglia32. This CD86 receptor is necessary for the double and simultaneous 
interaction between antigen-presenting cells (APCs) and T lymphocytes, which is included in the pathways of 
the immunological response increased in RA33,34. On the basis of all these criteria but lacking the most impor-
tant causality criterion—temporality—we consider that there is substantive evidence for considering that A77 
1726 levels have relevance in the therapeutic response of RA patients treated with LEF; however, our findings 
only demonstrated relevant statistical associations but not causality and further longitudinal studies should be 
performed to demonstrate any potential causal relation between teriflunomide levels and therapeutic outcomes.

Conclusions
This study identified that serum levels of A77 1726 > 10 µg/mL were a good clinical tool for predicting therapeutic 
response, not only in RA patients using LEF as monotherapy but also in RA patients who failed to respond to 
other DMARDs and had LEF included as combo therapy to improve therapeutic response. Therefore, we pro-
pose that the measurement of serum levels of A77 1726 should be considered a useful tool in guiding treatment 
modifications in RA patients treated with LEF.

Materials and methods
Study design.  Cross-sectional study.

Clinical setting.  This study included adult patients with RA attending an Academic Research Center (Insti-
tuto de Terapéutica Experimental y Clínica, Departamento de Fisiología Centro Universitario de Ciencias de la 
Salud, Universidad de Guadalajara, México).

Subjects and methods.  We included RA patients who met the 1987 American College of Rheumatology 
(ACR) criteria35, ≥ 18 years old, who started LEF treatment as a consequence of the presence of moderate to 
severe disease activity despite treatment with methotrexate or other csDMARDs. RA patients treated with LEF 
were divided into two groups according to their treatment: (a) LEF used as monotherapy (without other csD-
MARDs), or (b) LEF used as combo therapy with other csDMARDs. All the RA patients in our centre that were 
candidates to receive this drug were instructed to receive LEF as one single tablet of 20 mg administered once 
daily (preferably after breakfast). Patients from both groups had to be treated with LEF at a stable dosage (20 mg/
Day P.O.) for a period of at least three months to a maximum of six months to evaluate the therapeutic response. 
We excluded pregnant or breastfeeding patients, patients with serum creatinine > 1.5, transaminases > twofold 
normal values, or with acute or chronic infections. We also excluded patients with overlapping syndromes (i.e., 
characteristics of an additional autoimmune connective tissue disease present in the same patient, including 
systemic lupus erythematosus, scleroderma, poly or dermatomyositis, etc.).

Clinical assessment.  A structured assessment of patients with RA was performed by two researchers; this 
assessment included a structured questionnaire of epidemiological variables (including age, smoking, and other 
characteristics), a physical examination and body mass index (BMI) calculation(—using the Quetelet formula 
(W/H2), weight (W) and height (H [at square]—))36, a review of disease characteristics, patients’ perception of 
morning stiffness, severity of pain, and the perception of disease severity using a visual analogue scale from 0 
to 100 mm (VAS 0–100 mm). This evaluation also included the number of tender joints and swollen joints (28 
joints evaluated in total).

To assessment of disease activity, we included the Disease Activity Score (DAS28), which is a pooled index 
that identifies the severity of disease activity and includes four items: (a) the number of tender joints, (b) the 
number of swollen joints, (c) patients’ perception of global health (from 0 meaning very well to 10 meaning 
very poor), and (d) the results of acute-phase reactants (alternative erythrocyte sedimentation rate [ESR] or 
C-reactive protein [CRP]). These data were included in a formula to calculate the DAS28 score37; DAS28-ESR 
and DAS28-CRP were also computed38–40.

Assessment of therapeutic response.  DAS28-ESR was assessed at three to six months of treatment 
with LEF41. The primary target should achieve a state of clinical remission or at least clinical low disease activity, 
according to the patient’s therapeutic goals42. Therefore, we classified the response to LEF in our patients into 
two groups (given by the DAS28-ESR achieved during the second visit to the rheumatologist after 3–6 months 
of prescribing LEF): (a) those who achieved low-disease activity or remission (DAS28-ESR ≤ 3.2); and (b) those 
who remained with moderate or severe disease activity despite the treatment (DAS28-ESR > 3.2).

Finally, the researchers performed a chart review to investigate the ongoing drugs and doses used. The 
assessment of LEF doses was made by identifying the doses prescribed by the rheumatologist and cross-check-
ing against a questionnaire of adherence designed specifically for this study before applying it to RA patients. 
Researchers also investigated whether the patients were taking other csDMARDs and the name of other DMARDs 
prescribed, and then classified the LEF prescription in two groups: (a) LEF as monotherapy and (b) LEF used as 
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combo therapy in those patients who did not achieve a DAS28-ESR ≤ 3.2 using other csDMARDs. Patients were 
also interviewed to verify whether they had withdrawals from any medications.

Quantification of acute‑phase reactants.  ESR was determined using the Westergren method, and the 
results were expressed in mm/h. CRP was determined using nephelometry, and the results were expressed in 
mg/L.

Serum determination of LEF.  Nonfasting blood samples were taken by venipuncture in all patients dur-
ing the early morning hours. Each blood sample was centrifuged immediately to obtain the serum, which was 
stored in Eppendorf tubes at − 80 °C until the A77 1226 levels were quantified. Serum samples were analysed to 
quantify A77 1726 levels by a validated high-pressure liquid chromatographic method, using an Agilent 1260 
UHPLC (Santa Clara, California, United States of America). Separation of the analytes was accomplished using a 
reversed-phase column (Phenomenex, C18, 4µ, 150 × 4.6 mm; Torrens, California, United States of America). The 
column temperature was maintained at 21 °C. The mobile phase consisted of 40 mM (pH 5.0) KH2PO4:methanol 
(1:1). Elution of A77 1726 was achieved at a flow rate of 1.2 mL/min. UV detection was set at 290 nm.

Statistical analysis.  Quantitative variables were expressed as means and standard deviations, and quali-
tative variables, as frequencies and percentages (%). We used the Pearson correlation test to verify whether 
there was correlation between the serum levels of A77 1726 and swollen joints. Receiver operator characteris-
tics (ROC) curves were used to determine the cut-off of A77 1726 concentrations with better performance in 
sensitivity and specificity to identify patients with low disease activity or remission and differentiate them from 
patients with moderate or severe disease activity according to the DAS28-ESR results. RA subjects were catego-
rized into two groups, according to therapeutic response: (a) Group 1, for RA patients who achieved low-disease 
activity or remission with LEF (DAS28-ESR ≤ 3.2); and Group 2, for RA patients who remained with moderate/
severe disease activity after the treatment (DAS28-ESR > 3.2). Additionally, we performed a stratified analy-
sis of two subgroups: the first subgroup included RA patients receiving LEF as monotherapy, and the second 
included RA patients receiving LEF as combo therapy with other DMARDs due to lack of response to previous 
treatments. The performance of the measurements of A77 1726 levels at the cutoff obtained by the ROC curve 
analysis, to identify low-disease activity or remission with LEF in patients with RA was evaluated by estimating 
sensitivity, specificity, and positive and negative predictive values.

Comparisons of proportions between RA patients with A77 1726 concentrations ≤ 10 µg/mL and A77 1726 
concentrations > 10 µg/mL were computed using Chi-square tests (or Fisher exact test if required), and compari-
sons between means were made using Student’s t test). A similar statistical approach was used in the compari-
son between RA patients who achieved low-disease activity or remission with LEF (DAS28-ESR ≤ 3.2) and RA 
patients who remained with moderate to severe disease activity after the treatment (DAS28-ESR > 3.2) to LEF. 
We computed the odds ratio and its 95% confidence interval to identify the protective factor of A77 1726 > 10 µg/
mL to the permanence of moderate/severe disease activity (DAS28-ESR ≤ 3.2). Data collection and statistical 
analyses were computed with R software version 4.0.0 for Windows (R core team 2020), using pRoc, epiR, and 
ggplot2 packages43–45. The p value was considered significant if p < 0.05.

Ethics approval.  The study protocol was approved by the Ethics Board of our Research Centre (Instituto de 
Terapeutica Experimental y Clinica, Universidad de Guadalajara, in Guadalajara, Mexico). Number of approval 
CEI/453/2018. All procedures in the protocol were performed according to the guidelines of the Declaration of 
Helsinki.

Consent to participate.  Informed consent was obtained from all individual participants included in the 
study.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.

Received: 1 May 2021; Accepted: 10 January 2022

References
	 1.	 Scott, D. L., Wolfe, F. & Huizinga, T. W. Rheumatoid arthritis. Lancet (London, England) 376, 1094–1108. https://​doi.​org/​10.​1016/​

s0140-​6736(10)​60826-4 (2010).
	 2.	 Helmick, C. G. et al. Estimates of the prevalence of arthritis and other rheumatic conditions in the United States part I. Arthritis 

Rheum. 58, 15–25. https://​doi.​org/​10.​1002/​art.​23177 (2008).
	 3.	 Pelaez-Ballestas, I. et al. Epidemiology of the rheumatic diseases in Mexico. A study of 5 regions based on the COPCORD meth-

odology. J. Rheumatol. Suppl. 86, 3–8. https://​doi.​org/​10.​3899/​jrheum.​100951 (2011).
	 4.	 Cardiel, M. H. et al. Update of the Mexican College of Rheumatology guidelines for the pharmacologic treatment of rheumatoid 

arthritis. Reumatol. Clin. 10, 227–240. https://​doi.​org/​10.​1016/j.​reuma.​2013.​10.​006 (2014).
	 5.	 Singh, J. A. et al. 2015 American College of Rheumatology guideline for the treatment of rheumatoid arthritis. Arthritis Rheumatol. 

68, 1–26. https://​doi.​org/​10.​1002/​art.​39480 (2016).
	 6.	 Smolen, J. S. et al. EULAR recommendations for the management of rheumatoid arthritis with synthetic and biological disease-

modifying antirheumatic drugs: 2016 update. Ann. Rheum. Dis. 76, 960–977. https://​doi.​org/​10.​1136/​annrh​eumdis-​2016-​210715 
(2017).

https://doi.org/10.1016/s0140-6736(10)60826-4
https://doi.org/10.1016/s0140-6736(10)60826-4
https://doi.org/10.1002/art.23177
https://doi.org/10.3899/jrheum.100951
https://doi.org/10.1016/j.reuma.2013.10.006
https://doi.org/10.1002/art.39480
https://doi.org/10.1136/annrheumdis-2016-210715


9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:1877  | https://doi.org/10.1038/s41598-022-05644-7

www.nature.com/scientificreports/

	 7.	 Emery, P. et al. A comparison of the efficacy and safety of leflunomide and methotrexate for the treatment of rheumatoid arthritis. 
Rheumatology (Oxford) 39, 655–665. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​39.6.​655 (2000).

	 8.	 Hewitson, P. J., Debroe, S., McBride, A. & Milne, R. Leflunomide and rheumatoid arthritis: A systematic review of effectiveness, 
safety and cost implications. J. Clin. Pharm. Ther. 25, 295–302. https://​doi.​org/​10.​1046/j.​1365-​2710.​2000.​00296.x (2000).

	 9.	 Alfaro-Lara, R., Espinosa-Ortega, H. F. & Arce-Salinas, C. A. Systematic review and meta-analysis of the efficacy and safety of 
leflunomide and methotrexate in the treatment of rheumatoid arthritis. Reumatol. Clin. 15, 133–139. https://​doi.​org/​10.​1016/j.​
reuma.​2017.​07.​020 (2019).

	10.	 Strand, V. et al. Treatment of active rheumatoid arthritis with leflunomide compared with placebo and methotrexate. Leflunomide 
Rheumatoid Arthritis Investigators Group. Arch. Intern. Med. 159, 2542–2550. https://​doi.​org/​10.​1001/​archi​nte.​159.​21.​2542 (1999).

	11.	 Rozman, B. Clinical pharmacokinetics of leflunomide. Clin. Pharmacokinet. 10, 421–430. https://​doi.​org/​10.​2165/​00003​088-​20024​
1060-​00003 (2002). 

	12.	 Keen, H. I., Conaghan, P. G. & Tett, S. E. Safety evaluation of leflunomide in rheumatoid arthritis. Expert Opin. Drug Saf. 12, 
581–588. https://​doi.​org/​10.​1517/​14740​338.​2013.​798299 (2013).

	13.	 Chan, V., Charles, B. G. & Tett, S. E. Population pharmacokinetics and association between A77 1726 plasma concentrations and 
disease activity measures following administration of leflunomide to people with rheumatoid arthritis. Br. J. Clin. Pharmacol. 60, 
257–264. https://​doi.​org/​10.​1111/j.​1365-​2125.​2005.​02415.x (2005).

	14.	 van Roon, E. N. et al. Therapeutic drug monitoring of A77 1726, the active metabolite of leflunomide: Serum concentrations 
predict response to treatment in patients with rheumatoid arthritis. Ann. Rheum. Dis. 64, 569–574. https://​doi.​org/​10.​1136/​ard.​
2004.​025205 (2005).

	15.	 Wiese, M. D. et al. Precision medicine with leflunomide: Consideration of DHODH haplotype and plasma teriflunomide concen-
tration can substantially modify outcomes in patients with rheumatoid arthritis. Arthritis Care Res. 73, 983–989. https://​doi.​org/​
10.​1002/​acr.​24236 (2021).

	16.	 Schorlemmer, H. U. et al. Cell cycle regulation and inhibition of de novo pyrimidine biosynthesis by leflunomide. Inflamm. Res. 
Off. J. Eur. Histamine Res. Soc. 48(Suppl 2), S115–S116. https://​doi.​org/​10.​1007/​s0001​10050​544 (1999).

	17.	 Greene, S., Watanabe, K., Braatz-Trulson, J. & Lou, L. Inhibition of dihydroorotate dehydrogenase by the immunosuppressive 
agent leflunomide. Biochem. Pharmacol. 50, 861–867. https://​doi.​org/​10.​1016/​0006-​2952(95)​00255-x (1995).

	18.	 Fairbanks, L. D., Bofill, M., Ruckemann, K. & Simmonds, H. A. Importance of ribonucleotide availability to proliferating T-lym-
phocytes from healthy humans. Disproportionate expansion of pyrimidine pools and contrasting effects of de novo synthesis 
inhibitors. J. Biol. Chem. 270, 29682–29689 (1995).

	19.	 Cherwinski, H. M. et al. Leflunomide interferes with pyrimidine nucleotide biosynthesis. Inflamm. Res. Off. J. Eur. Histamine Res. 
Soc. 44, 317–322. https://​doi.​org/​10.​1007/​bf017​96261 (1995).

	20.	 Bohanec Grabar, P. et al. Investigation of the influence of CYP1A2 and CYP2C19 genetic polymorphism on 2-cyano-3-hydroxy-
N-[4-(trifluoromethyl)phenyl]-2-butenamide (A77 1726) pharmacokinetics in leflunomide-treated patients with rheumatoid 
arthritis. Drug Metab. Dispos. Biol. Fate Chem. 37, 2061–2068. https://​doi.​org/​10.​1124/​dmd.​109.​027482 (2009).

	21.	 Ensom, M. H., Davis, G. A., Cropp, C. D. & Ensom, R. J. Clinical pharmacokinetics in the 21st century. Does the evidence support 
definitive outcomes?. Clin. Pharmacokinet. 34, 265–279. https://​doi.​org/​10.​2165/​00003​088-​19983​4040-​00001 (1998).

	22.	 Soukup, T. et al. Genetic polymorphisms in metabolic pathways of leflunomide in the treatment of rheumatoid arthritis. Clin. Exp. 
Rheumatol. 33, 426–432 (2015).

	23.	 Rieger, J. K., Reutter, S., Hofmann, U., Schwab, M. & Zanger, U. M. Inflammation-associated microRNA-130b down-regulates 
cytochrome P450 activities and directly targets CYP2C9. Drug Metab. Dispos. Biol. Fate Chem. 43, 884–888. https://​doi.​org/​10.​
1124/​dmd.​114.​062844 (2015).

	24.	 Kugler, N., Klein, K. & Zanger, U. M. MiR-155 and other microRNAs downregulate drug metabolizing cytochromes P450 in 
inflammation. Biochem. Pharmacol. 171, 113725. https://​doi.​org/​10.​1016/j.​bcp.​2019.​113725 (2020).

	25.	 Stanke-Labesque, F., Gautier-Veyret, E., Chhun, S. & Guilhaumou, R. Inflammation is a major regulator of drug metabolizing 
enzymes and transporters: Consequences for the personalization of drug treatment. Pharmacol. Ther. 215, 107627. https://​doi.​
org/​10.​1016/j.​pharm​thera.​2020.​107627 (2020).

	26.	 Shah, R. R. & Smith, R. L. Inflammation-induced phenoconversion of polymorphic drug metabolizing enzymes: Hypothesis with 
implications for personalized medicine. Drug Metab. Dispos. 43, 400–410. https://​doi.​org/​10.​1124/​dmd.​114.​061093 (2015).

	27.	 Fedak, K. M., Bernal, A., Capshaw, Z. A. & Gross, S. Applying the Bradford Hill criteria in the 21st century: How data integration 
has changed causal inference in molecular epidemiology. Emerg. Themes Epidemiol. 12, 14. https://​doi.​org/​10.​1186/​s12982-​015-​
0037-4 (2015).

	28.	 Thoss, K., Henzgen, S., Petrow, P. K., Katenkamp, D. & Brauer, R. Immunomodulation of rat antigen-induced arthritis by lefluno-
mide alone and in combination with cyclosporin A. Inflamm. Res. Off. J. Eur. Histamine Res. Soc. 45, 103–107. https://​doi.​org/​10.​
1007/​bf022​65123 (1996).

	29.	 Cherwinski, H. M., McCarley, D., Schatzman, R., Devens, B. & Ransom, J. T. The immunosuppressant leflunomide inhibits lym-
phocyte progression through cell cycle by a novel mechanism. J. Pharmacol. Exp. Ther. 272, 460–468 (1995).

	30.	 Mladenovic, V. et al. Safety and effectiveness of leflunomide in the treatment of patients with active rheumatoid arthritis. Results 
of a randomized, placebo-controlled, phase II study. Arthritis Rheum. 38, 1595–1603. https://​doi.​org/​10.​1002/​art.​17803​81111 
(1995).

	31.	 Weber, W. & Harnisch, L. The population approach: Measuring and managing variability in response, concentration and dose. In 
COST B1 Medicine: European Cooperation in the Field of Scientific and Technical Research, Brussels: European Commission 238–244 
(1997).

	32.	 Wostradowski, T. et al. In vitro evaluation of physiologically relevant concentrations of teriflunomide on activation and prolifera-
tion of primary rodent microglia. J. Neuroinflamm. 13, 250. https://​doi.​org/​10.​1186/​s12974-​016-​0715-3 (2016).

	33.	 Korhonen, R. & Moilanen, E. Abatacept, a novel CD80/86-CD28 T cell co-stimulation modulator, in the treatment of rheumatoid 
arthritis. Basic Clin. Pharmacol. Toxicol. 104, 276–284. https://​doi.​org/​10.​1111/j.​1742-​7843.​2009.​00375.x (2009).

	34.	 Herrero-Beaumont, G., Martínez Calatrava, M. J. & Castañeda, S. Abatacept mechanism of action: Concordance with its clinical 
profile. Reumatol. Clin. 8, 78–83. https://​doi.​org/​10.​1016/j.​reuma.​2011.​08.​002 (2012).

	35.	 Arnett, F. C. et al. The American Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis. 
Arthritis Rheum. 31, 315–324. https://​doi.​org/​10.​1002/​art.​17803​10302 (1988).

	36.	 Khosla, T. & Lowe, C. R. Indices of obesity derived from body weight and height. Br. J. Prev. Soc. Med. 21, 122–128. https://​doi.​
org/​10.​1136/​jech.​21.3.​122 (1967).

	37.	 Fransen, J. & van Riel, P. L. The Disease Activity Score and the EULAR response criteria. Rheum. Dis. Clin. N. Am. 35, 745–757. 
https://​doi.​org/​10.​1016/j.​rdc.​2009.​10.​001 (2009).

	38.	 Prevoo, M. L. et al. Modified disease activity scores that include twenty-eight-joint counts. Development and validation in a pro-
spective longitudinal study of patients with rheumatoid arthritis. Arthritis Rheum. 38, 44–48. https://​doi.​org/​10.​1002/​art.​17803​
80107 (1995).

	39.	 Fransen, J., Creemers, M. C. & Van Riel, P. L. Remission in rheumatoid arthritis: Agreement of the disease activity score (DAS28) 
with the ARA preliminary remission criteria. Rheumatology (Oxford) 43, 1252–1255. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​keh297 
(2004).

https://doi.org/10.1093/rheumatology/39.6.655
https://doi.org/10.1046/j.1365-2710.2000.00296.x
https://doi.org/10.1016/j.reuma.2017.07.020
https://doi.org/10.1016/j.reuma.2017.07.020
https://doi.org/10.1001/archinte.159.21.2542
https://doi.org/10.2165/00003088-200241060-00003
https://doi.org/10.2165/00003088-200241060-00003
https://doi.org/10.1517/14740338.2013.798299
https://doi.org/10.1111/j.1365-2125.2005.02415.x
https://doi.org/10.1136/ard.2004.025205
https://doi.org/10.1136/ard.2004.025205
https://doi.org/10.1002/acr.24236
https://doi.org/10.1002/acr.24236
https://doi.org/10.1007/s000110050544
https://doi.org/10.1016/0006-2952(95)00255-x
https://doi.org/10.1007/bf01796261
https://doi.org/10.1124/dmd.109.027482
https://doi.org/10.2165/00003088-199834040-00001
https://doi.org/10.1124/dmd.114.062844
https://doi.org/10.1124/dmd.114.062844
https://doi.org/10.1016/j.bcp.2019.113725
https://doi.org/10.1016/j.pharmthera.2020.107627
https://doi.org/10.1016/j.pharmthera.2020.107627
https://doi.org/10.1124/dmd.114.061093
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1186/s12982-015-0037-4
https://doi.org/10.1007/bf02265123
https://doi.org/10.1007/bf02265123
https://doi.org/10.1002/art.1780381111
https://doi.org/10.1186/s12974-016-0715-3
https://doi.org/10.1111/j.1742-7843.2009.00375.x
https://doi.org/10.1016/j.reuma.2011.08.002
https://doi.org/10.1002/art.1780310302
https://doi.org/10.1136/jech.21.3.122
https://doi.org/10.1136/jech.21.3.122
https://doi.org/10.1016/j.rdc.2009.10.001
https://doi.org/10.1002/art.1780380107
https://doi.org/10.1002/art.1780380107
https://doi.org/10.1093/rheumatology/keh297


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:1877  | https://doi.org/10.1038/s41598-022-05644-7

www.nature.com/scientificreports/

	40.	 van Riel, L. R. P. The Disease Activity Score (DAS) and the Disease Activity Score using 28 joint counts (DAS28) in the manage-
ment of rheumatoid arthritis. Clin. Exp. Rheumatol. 34, 5 (2016).

	41.	 Smolen, J. S. et al. Validity and reliability of the twenty-eight-joint count for the assessment of rheumatoid arthritis activity. Arthritis 
Rheum. 38, 38–43. https://​doi.​org/​10.​1002/​art.​17803​80106 (1995).

	42.	 Smolen, J. S. et al. Treating rheumatoid arthritis to target: Recommendations of an international task force. Ann. Rheum. Dis. 69, 
631–637. https://​doi.​org/​10.​1136/​ard.​2009.​123919 (2010).

	43.	 Robin, X. et al. pROC: An open-source package for R and S+ to analyze and compare ROC curves. BMC Bioinform. 12, 77. https://​
doi.​org/​10.​1186/​1471-​2105-​12-​77 (2011).

	44.	 Wickham, H. ggplot2: Elegant Graphics for Data Analysis (Springer, 2016).
	45.	 Stevenson, M. et al.  epiR: Tools for the Analysis of  Epidemiological Data. R package version 2.0.38. https://​cran.r-​proje​ct.​org/​web/​

packa​ges/​epiR/​index.​html (2021)

Acknowledgements
We thank BSc Claudia Verónica Rodríguez-Aceves and BSc David España-Rosas for their collaboration on this 
project. We thank the staff of the Laboratorio de Investigacion y Desarrollo Farmaceutico, Centro Universitario 
de Ciencias Exactas e Ingenierias, Universidad de Guadalajara, for their support with this study. Members of 
the Research Group for Factors related to Therapeutic Outcomes in Autoimmune Diseases are listed in a Sup-
plementary File.

Author contributions
Study design: N.S.F.-R., H.J.-C., L.G.-L., J.I.G.-N., performed research: N.S.F.-R., H.J.-C., A.M.S.-C., N.A.R.-J., 
R.I.L.-R., J.M.P.-G., M.F.A.-L., S.C.-C., analyze data: E.E.P.-G., E.G.S.-C. Contributed new methods: N.S.F.-R., 
H.J.-C., E.M.R.-T. Wrote the paper: N.S.F.-R., H.J.-C., E.E.P.-G., E.G.S.-C., A.M.S.-C., N.A.R.-J., S.E.T.-S., J.F.M.-
V., E.G.C.-M., L.G.-L., J.I.G.-N. All authors read and approved the final version.

Funding
This project was financed with funding for research studies of the Instituto de Terapeutica Experimental y Cli-
nica, Departamento de Fisiologia, Centro Universitario de Ciencias de la Salud, Universidad de Guadalajara.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​05644-7.

Correspondence and requests for materials should be addressed to L.G.-L. or J.I.G.-N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

 

Research Group for Factors Related to Therapeutic Outcomes in Autoimmune 
Diseases

Nicte Selene Fajardo‑Robledo1, Heriberto Jacobo‑Cuevas2, Ana Miriam Saldaña‑Cruz5, 
Norma Alejandra Rodriguez‑Jimenez5, Juan Manuel Ponce‑Guarneros5,7, Miriam Fabiola 
Alcaraz‑Lopez8, Ernesto German Cardona‑Muñoz5, Laura Gonzalez‑Lopez2,10 & Jorge Ivan 
Gamez‑Nava2,10

https://doi.org/10.1002/art.1780380106
https://doi.org/10.1136/ard.2009.123919
https://doi.org/10.1186/1471-2105-12-77
https://doi.org/10.1186/1471-2105-12-77
https://cran.r-project.org/web/packages/epiR/index.html
https://cran.r-project.org/web/packages/epiR/index.html
https://doi.org/10.1038/s41598-022-05644-7
https://doi.org/10.1038/s41598-022-05644-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Therapeutic response to leflunomide in combo therapy and monotherapy is associated to serum teriflunomide (A77 1726) levels
	Results
	Discussion
	Conclusions
	Materials and methods
	Study design. 
	Clinical setting. 
	Subjects and methods. 
	Clinical assessment. 
	Assessment of therapeutic response. 
	Quantification of acute-phase reactants. 
	Serum determination of LEF. 
	Statistical analysis. 
	Ethics approval. 
	Consent to participate. 

	References
	Acknowledgements


